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NANOWIRE MEMORY DEVICE AND
METHOD OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

[0001] This is a Divisional of U.S. application Ser. No.
12/872,835 filed Aug. 31, 2010, which is a Divisional of U.S.
application Ser. No. 11/714,826 filed on Mar. 7, 2007 which
issued as U.S. Pat. No. 7,821,813 on Oct. 26, 2010, which
claims priority from Korean Patent Application No. 10-2006-
0021874, filed on Mar. 8, 2006, in the Korean Intellectual
Property Office. The entire disclosures of the prior applica-
tions are considered part of the disclosure of the accompany-
ing Divisional Application and are hereby incorporated by
reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Apparatuses and methods consistent with the
present invention relate to a semiconductor memory device
and a method of manufacturing the same, and more particu-
larly, to a memory device having a nanowire as a storage node
and a method of manufacturing the same.

[0004] 2. Description of the Related Art

[0005] Recently, most memory devices are fused memory
devices having both an advantage of existing as nonvolatile
memory devices and volatile memory devices. Examples of
fused memory devices include a ferroelectric random access
memory (FRAM), a magnetic RAM (MRAM), a phase
change RAM (PRAM), and a resistive RAM (RRAM). The
difference among the FRAM, the MRAM, the PRAM, and
the RRAM can be found in the configuration of a storage
node.

[0006] As another example of fused memory devices, car-
bon nanotube memory devices have been introduced. Carbon
nanotube memory devices maintain nonvolatile characteris-
tics using carbon nanotubes as a storage node.

[0007] Since carbon nanotube memory devices use carbon
nanotubes as the storage node, the volume of the storage node
can be reduced compared to the FRAM, the MRAM, the
PRAM, and the RRAM. In addition, in carbon nanotube
memory devices, carbon nanotubes are formed using a com-
posite electric field. Thus, carbon nanotubes can be formed in
a correct position.

[0008] However, in carbon nanotube memory devices
(hereinafter, referred to as related art memory devices), the
size of electrodes should be directly reduced so as to reduce a
gap between carbon nanotubes and there is a difficulty in
performing such a process.

[0009] Furthermore, the length of carbon nanotubes should
be adjusted so as to increase the yield of operatable cells.
However, in conventional memory devices, it is difficult to
adjust the length of carbon nanotubes.

[0010] Furthermore, in related art memory devices, all
electrodes are horizontally arranged on the same plane. Thus,
there may be limitations in increasing the degree of integra-
tion.

SUMMARY OF THE INVENTION

[0011] The present invention provides a nanowire memory
device on which a degree of integration of electrodes can be
increased, a gap between nanowires can be reduced while the
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size of the electrodes is not reduced and the length of the
nanowires can be reduced in a nanowire memory device
manufacturing process.

[0012] The present invention also provides a method of
manufacturing the nanowire memory device.

[0013] According to an aspect of the present invention,
there is provided a memory device comprising: a substrate; a
first electrode formed on the substrate; a first nanowire
extending from an end of the first electrode; a second elec-
trode formed over the first electrode to overlap the first elec-
trode; and a second nanowire extending from an end of the
second electrode corresponding to the end of the first elec-
trode in the same direction as the first nanowire, wherein an
insulating layer exists between the first and second elec-
trodes.

[0014] The substrate may comprise a base substrate and an
insulating substrate which are sequentially stacked.

[0015] Only portions of the first and second electrodes may
overlap.
[0016] In addition, the first and second nanowires may be

carbon nanotubes.

[0017] At least one more set including the first and second
electrodes and the first and second nanowires may be further
provided on the substrate.

[0018] According to another aspect of the present inven-
tion, there is provided a memory device comprising: a sub-
strate; first and second lower electrodes formed on the sub-
strate, the first and second lower electrodes being separate
from each other by a gap; a first nanowire connecting the first
and second lower electrodes; a first upper electrode formed
over the first lower electrode to overlap the first lower elec-
trode; a second upper electrode formed over the second lower
electrode to overlap the second lower electrode; and a second
nanowire connecting the first and second upper electrodes,
wherein the first and second upper electrodes are separate
from the first and second lower electrodes by a gap having the
same distance as the gap between the first and second lower
electrodes, and an insulating layer exists between the first
lower electrode and the first upper electrode, and between the
second lower electrode and the second upper electrode.
[0019] According to another aspect of the present inven-
tion, there is provided a method of manufacturing a memory
device, the method comprising: forming first and second elec-
trodes on a substrate to overlap each other and to be insulated
from each other; forming first and second dummy electrodes
respectively facing the first and second electrodes on the
substrate to overlap each other and to be insulated from each
other; forming a first nanowire connecting the first electrode
and the first dummy electrode; forming a second nanowire
connecting the second electrode and the second dummy elec-
trode; forming a mask covering the first and second electrodes
and covering the first and second nanowires; and removing
the first and second dummy electrodes and the first and sec-
ond nanowires that are not covered by the mask, and remov-
ing the mask.

[0020] The forming of the first and second electrodes may
comprises: forming the first electrode on the substrate; form-
ing an insulating interlayer covering the first electrode on the
substrate; forming the second electrode on the insulating
interlayer; and removing the insulating interlayer around the
first and second electrodes.

[0021] The removing of the insulating interlayer may fur-
ther comprise excessively etching a region of the substrate in
which the first and second electrodes are not disposed.
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[0022] The forming of the first and second dummy elec-
trodes on the substrate may comprise: forming a first photo-
resist layer covering the first and second electrodes on the
substrate; forming the first dummy electrode on the first pho-
toresist layer; forming a second photoresist layer covering the
first dummy electrode on the first photoresist layer; forming
the second dummy electrode on the second photoresist layer;
and removing the first and second photoresist layers around
the first and second dummy electrodes.

[0023] According to another aspect of the present inven-
tion, there is provided a method of manufacturing a memory
device, the method comprising: forming first and second
lower electrodes on a substrate set apart by a gap; forming a
first nanowire connecting the first and second lower elec-
trodes; forming a mask covering the first and second lower
electrodes and the first nanowire on the substrate; forming a
first upper electrode overlapping the first lower electrode and
a second upper electrode overlapping the second lower elec-
trode on the mask whereby the first upper second upper elec-
trodes are set apart by a gap having the same distance as the
gap between the first and second lower electrodes; forming a
second nanowire connecting the first and second upper elec-
trodes; and removing the mask around the first and second
upper electrodes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The above and other aspects of the present invention
will become more apparent by describing in detail exemplary
embodiments thereof with reference to the attached drawings,
in which:

[0025] FIG. 11is a plan view of a nanowire memory device
according to an exemplary embodiment of the present inven-
tion;

[0026] FIG.2A is a side view taken along line I-I' of FIG. 1
according to an exemplary embodiment of the present inven-
tion;

[0027] FIG. 2B is a cross-sectional view taken along line
II-IT' of FIG. 1 according to an embodiment of the present
invention;

[0028] FIG. 3 is a plan view of a nanowire memory device
according to another exemplary embodiment of the present
invention;

[0029] FIG. 4A is a side view taken along line III-III' of
FIG. 3 according to another exemplary embodiment of the
present invention;

[0030] FIG. 4B is a cross-sectional view taken along line
IV-IV' of FIG. 3 according to another exemplary embodiment
of the present invention;

[0031] FIGS. 5 through 13 are cross-sectional views and
plan views illustrating a method of manufacturing the nanow-
ire memory device illustrated in FIG. 1 according to an exem-
plary embodiment of the present invention; and

[0032] FIGS. 14 through 19 are cross-sectional views and
plan views illustrating a method of manufacturing the nanow-
ire memory device illustrated in FIG. 3 according to another
exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0033] The present invention will now be described more
fully with reference to the accompanying drawings, in which
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exemplary embodiments of the invention are shown. In the
drawings, the thickness of layers and regions have been exag-
gerated for clarity.

[0034] First, a nanowire memory device according to an
exemplary embodiment of the present invention will now be
described.

[0035] FIG.1isaplanview ofthe nanowire memory device
(hereinafter, referred to as a first memory device) according to
an exemplary embodiment of the present invention, FIG. 2A
is a side view taken along line I-I' of FIG. 1 according to an
exemplary embodiment of the present invention, and FIG. 2B
is a cross-sectional view taken along line II-II' of FIG. 1
according to an exemplary embodiment of the present inven-
tion.

[0036] Referring to FIG. 1, first and second electrodes 42
and 44 are disposed on an insulating substrate 40. The insu-
lating substrate 40 may be a SiO, substrate, for example. A
first region A1 of the insulating substrate 40 is an excessively
etched portion formed during a nanowire memory device
manufacturing process. A thickness of the insulating sub-
strate 40 of the excessively etched portion is smaller than that
of a region where the first and second electrodes 42 and 44
disposed on the insulating substrate 40. The first and second
electrodes 42 and 44 may be electrodes formed of Au, for
example. The first and second electrodes 42 and 44 may be
formed of a chrome layer and an Au layer for excellent adhe-
sion. The first and second electrodes 42 and 44 are parallel to
each other. A portion of the second electrode 44 overlaps a
portion of the first electrode 42 in the state where the first and
second electrodes 42 and 44 are parallel to each other. One
end of'the first electrode 42 is processed in a round shape. A
first nanowire 46 is connected to the round shaped end of the
first electrode 42. The first nanowire 46 extends to a prede-
termined length from the round shaped end of the first elec-
trode 42. One end of the second electrode 44 is processed in
a round shape and the round shaped end of the second elec-
trode 44 is in the same direction as the round shaped end of the
first electrode 42. A second nanowire 48 is connected to the
round shaped end of the second electrode 44. The second
nanowire 48 extends to a predetermined length from the
round shaped end of the second electrode 44. The length of
the second nanowire 48 may be the same as the length of the
first nanowire 46. The first and second nanowires 46 and 48
are parallel to each other. The first and second nanowires 46
and 48 may be carbon nanotubes. However, the first and
second nanowires 46 and 48 may be other than nanowires
such as carbon nanotubes.

[0037] Referring to FIGS. 2A and 2B, the insulating sub-
strate 40 is disposed on a base substrate 38. The base substrate
38 may be a semiconductor substrate, for example. A portion
of the second electrode 44 is positioned above the first elec-
trode 42. An insulating interlayer 50 is disposed between the
first and second electrodes 42 and 44. The insulating inter-
layer 50 also is disposed between the second electrode 44 and
the insulating substrate 40, as illustrated in FIG. 2B. The
insulating interlayer 50 may be an SiO, layer, for example.
Due to the insulating interlayer 50, the first and second elec-
trodes 42 and 44 are electrically insulated from each other.
However, when the first and second nanowires 46 and 48
contact each other, the first and second electrodes 42 and 44
are electrically connected to each other.

[0038] A nanowire memory device (hereinafter, referred to
as a second memory device) according to another exemplary
embodiment of the present invention will now be described.
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[0039] FIG. 3 is a plan view of a nanowire memory device
(hereinafter, referred to as a second memory device) accord-
ing to another exemplary embodiment of the present inven-
tion, FIG. 4A is a side view taken along line III-IIT' of FIG. 3
according to another exemplary embodiment of the present
invention, and FIG. 4B is a cross-sectional view taken along
line IV-IV' of FIG. 3 according to another exemplary embodi-
ment of the present invention.

[0040] Referring to FIG. 3, first and second lower elec-
trodes 62 and 64 are disposed on an insulating substrate 60.
The insulating substrate 60 may be an SiO, layer, for
example. The first and second lower electrodes 62 and 64 face
each other and are separate from each other at a predeter-
mined distance. The thickness of the insulating substrate 60 in
the portion where the first and second lower electrodes 62 and
64 are not disposed is smaller than that of a portion where the
first and second lower electrodes 62 and 64 are disposed (see
FIGS. 4A and 4B). This is caused by excessively etching a
nanowire memory device during the manufacturing process.
The separate first and second lower electrodes 62 and 64 are
connected to each other through a first nanowire 66. End
portions of the first and second lower electrodes 62 and 64
that are connected to each other via the first nanowire 66 are
processed in a round shape. The first nanowire 66 may be the
same material as the first and second nanowires 46 and 48 of
the first memory device. In addition, material for the first and
second lower electrodes 62 and 64 may be the same material
as for the first and second electrodes 42 and 44 of the first
memory device.

[0041] Subsequently, a first upper electrode 72 is posi-
tioned over the first lower electrode 62, and a second upper
electrode 74 is positioned over the second lower electrode 64.
The first lower electrode 62 and the first upper electrode 72
are separate from each other at a predetermined distance. In
addition, the second lower electrode 64 and the second upper
electrode 74 are separate from each other at a predetermined
distance.

[0042] The first upper electrode 72 may be of the same
shape and material as the first lower electrode 62. In addition,
the second upper electrode 74 may be of the same shape and
material as the second lower electrode 64. However, a portion
of the first upper electrode 72 overlaps a portion of the first
lower electrode 62. In addition, a portion of the second upper
electrode 74 overlaps a portion of the second lower electrode
64. The distance between the first and second upper elec-
trodes 72 and 74 may be the same ad the distance between the
first and second lower electrodes 62 and 64. The separated
first and second upper electrodes 72 and 74 are connected to
each other via a second nanowire 76. The second nanowire 76
may be the same material as the first nanowire 66.

[0043] Referring to FIGS. 4A and 4B, the insulating sub-
strate 60 is disposed on a base substrate 58. A groove G is
formed in the insulating substrate 60 (see FIG. 4A). The
thickness of the insulating substrate 60 where groove G is
formed is smaller than that of other regions. The first and
second nanowires 66 and 76 go across the groove G and are
separated from the insulating substrate 60. An insulating
interlayer 80 is disposed between the first lower electrode 62
and the first upper electrode 72 and between the second lower
electrode 64 and the second upper electrode 74. Thus, when
the first and second nanowires 66 and 76 are separated from
each other, the first lower electrode 62 and the first upper
electrode 72 are electrically insulated from each other and the
second lower electrode 64 and the second upper electrode 74
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are also electrically insulated from each other. The insulating
interlayer 80 may be a photoresist layer, for example.
[0044] The insulating interlayer 80 is also disposed
between a portion of the first upper electrode 72 in which the
first upper electrode 72 does not overlap with the first lower
electrode 62, and the insulating substrate 60. In addition, the
insulating interlayer 80 is also disposed between a portion of
the second upper electrode 74 in which the second upper
electrode 74 does not overlap with the second lower electrode
64, and the insulating substrate 60.

[0045] A method of manufacturing the first and second
memory devices will now be described.

[0046] First, a method of manufacturing the first memory
device will be described.

[0047] FIGS. 5 through 13 are cross-sectional views and
plan views illustrating a method of manufacturing the nanow-
ire memory device illustrated in FIG. 1 according to an exem-
plary embodiment of the present invention, wherein lower
drawings are plan views and upper drawings are cross-sec-
tional views taken along line B-B' of the plan views.

[0048] Referring to FIG. 5, an insulating substrate 40 is
formed on a base substrate 38. The base substrate 38 may be
a semiconductor substrate. The insulating substrate 40 may
be formed of a silicon oxide film, for example. A first elec-
trode 42 is formed in a predetermined region on the insulating
substrate 40. The first electrode 42 may be formed of Au. A
chrome layer may be further formed as an adhesion layer (not
shown) between the first electrode 42 and the insulating sub-
strate 40. One end of the first electrode 42 is formed in a round
shape, as illustrated on the plan view of lower diagram of FIG.
5.

[0049] Referring to FIG. 6, an insulating interlayer 50 that
covers the first electrode 42 is formed on the insulating sub-
strate 40. The insulating interlayer 50 may be formed of a
silicon oxide film, for example. In this exemplary embodi-
ment, the insulating interlayer 50 may be formed using
plasma enhanced chemical vapor deposition (PECVD). After
asurface ofthe insulating interlayer 50 is planarized, a second
electrode 44 is formed in a predetermined region on the
insulating interlayer 50, as illustrated in FIG. 7. The second
electrode 44 may be the same shape and material as the first
electrode 42. As illustrated by the plan view in the bottom
diagram of FIG. 7, the second electrode 44 is formed near the
first electrode 42 and a portion of the second electrode 44
overlaps the first electrode 42. Then, an overlap degree may
be adjusted. After the second electrode 44 is formed, the
insulating interlayer 50 is dry etched at a higher etching rate
than the etching rates of the first and second electrodes 42 and
44 until the insulating substrate 40 is exposed.

[0050] An Al region of the insulating substrate 40 is exces-
sively etched. As a result, as illustrated in FIG. 8, the thickness
of the insulating substrate 40 in the region A1 where the first
and second electrodes 42 and 44 are not formed is smaller
than that of the region where the first and second electrodes 42
and 44 are formed.

[0051] Subsequently, referring to FIG. 9, a first photoresist
layer 55 that covers the first and second electrodes 42 and 44
is deposited on the insulating substrate 40. The first photore-
sist layer is then baked and cured. A first dummy electrode
42a is formed on the cured first photoresist layer 55. The first
dummy electrode 42a faces the first electrode 42, as illus-
trated on the plan view of FIG. 9. In addition, the first dummy
electrode 424 is formed in the same shape and of the same
material as the first electrode 42.
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[0052] Referring to FIG. 10, a second photoresist layer 57
that covers the first dummy electrode 424 is deposited on the
first photoresist layer. Subsequently, the second photoresist
layer is baked and cured. A second dummy electrode 44a is
formed on the cured second photoresist layer 57. The second
dummy electrode 44a may be formed of the same material
and in the same shape as the second electrode 44. As a portion
of the second electrode 44 overlaps a portion of the first
electrode 42, also a portion of the second dummy electrode
44a overlaps a portion of the first dummy electrode 42a. The
first and second dummy electrodes 42a and 44a are separated
from the first and second electrodes 42 and 44. In addition, the
first and second dummy electrodes 42a and 44a face the first
and second electrodes 42 and 44 respectively. After the sec-
ond dummy electrode 44a is formed, the first photoresist
layer 55 around the first dummy electrode 42a and the second
photoresist layer 57 around the second dummy electrode 44a
are exposed and developed.

[0053] As aresult, as illustrated in FIG. 11, the cured first
and second photoresist layers 55 and 57 except a portion
underneath the first dummy electrode 42a and the second
dummy electrode 444 are removed from all regions such that
portions of the first and second electrodes 42 and 44 and the
first and second dummy electrodes 42a and 44a are exposed.
In this state, a first nanowire 46 is formed between the first
electrode 42 and the first dummy electrode 42q. In addition, a
second nanowire 48 is formed between the second electrode
44 and the second dummy electrode 44a. The first and second
nanowires 46 and 48 may be carbon nanotubes other than
nanowires. The first and second nanowires 46 and 48 may be
formed using a composite electric field. At this time, the first
and second nanowires 46 and 48 may be formed to different
lengths.

[0054] After the first and second nanowires 46 and 48 are
formed and in order to make the lengths of the first and second
nanowires 46 and 48 the same, a third photoresist layer 90 is
deposited to cover the first and second electrodes 42 and 44
and a portion of the first and second nanowires 46 and 48 as
illustrated in FIG. 12. In this exemplary embodiment, the
third photoresist layer 90 covers the first and second nanow-
ires 46 and 48 so that the first and second nanowires 46 and 48
may be of the same lengths from the first and second elec-
trodes 42 and 44. The exposed first and second dummy elec-
trodes 42a and 44a and the exposed first and second nanow-
ires 46 and 48 are removed using the third photoresist layer 90
as an etch mask. Then, the third photoresist layer 90 is also
removed. As a result, as illustrated in FIG. 13, the first and
second nanowires 46 and 48 that are connected to the first and
second electrodes 42 and 44 are equal in length.

[0055] A method of manufacturing the second memory
device (see FIG. 3) will now be described.

[0056] FIGS. 14 through 19 are cross-sectional views and
plan views illustrating a method of manufacturing the nanow-
ire memory device illustrated in FIG. 3 according to another
exemplary embodiment of the present invention, wherein
lower drawings are plan views and upper drawings are cross-
sectional views taken along line B-B' of the plan views.

[0057] Referring to FIG. 14, an insulating substrate 60 is
formed on a base substrate 58. The base substrate 58 may be
a semiconductor substrate. The insulating substrate 60 may
be formed of a silicon oxide film, for example. First and
second lower electrodes 62 and 64 are formed on the insulat-
ing substrate 60. The first and second lower electrodes 62 and
64 are separate from each other by a predetermined horizontal
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gap. The first and second lower electrodes 62 and 64 may be
formed of a conductive metal, for example, Au. In addition, a
chrome layer may also be further formed as an adhesion layer
(not shown) between the first and second lower electrodes 62
and 64 and the insulating substrate 60. A portion where the
first and second lower electrodes 62 and 64 face each other
may be formed in a round shape.

[0058] Referring to FIG. 15, a groove G is formed in the
insulating substrate 60 between the first and second lower
electrodes 62 and 64 by dry etching As a result, the thickness
of'the insulating substrate 60 where the groove G is formed is
smaller than where the first and second lower electrodes 62
and 64 are formed.

[0059] After the groove G is formed, as illustrated in FIG.
16, a first nanowire 66 for connecting the first and second
lower electrodes 62 and 64 to each other is formed. The first
nanowire 66 may be of the same material as the first nanowire
46 as described in the method of manufacturing the first
memory device.

[0060] Subsequently, as illustrated in FIG. 17, a photoresist
layer 100 that covers the first and second lower electrodes 62
and 64 and the first nanowire 66 is deposited on the insulating
substrate 60 and baked so that a cured photoresist layer 100
can be formed.

[0061] Referring to FIG. 18, the first and second upper
electrodes 72 and 74 are formed on the cured photoresist layer
100. The first and second upper electrodes 72 and 74 may be
of the same shape and of the same material as the first and
second lower electrodes 62 and 64. The first upper electrode
72 is formed over the first lower electrode 62 to be parallel to
the first lower electrode 62 so that only a portion of the first
upper electrode 72 overlaps the first lower electrode 62. In
addition, the second upper electrode 74 is formed over the
second lower electrode 64 to be parallel to the second lower
electrode 64 so that only a portion of the second upper elec-
trode 74 overlaps the second lower electrode 64. The first and
second upper electrodes 72 and 74 are separate from the first
and second lower electrodes 62 and 64 by the same gap. The
first and second upper electrodes 72 and 74 are connected to
each other via a second nanowire 76. The second nanowire 76
may be formed in the same form as the first nanowire 66.
Subsequently, a portion of the cured photoresist layer 100
which is exposed by the first and second upper electrodes 72
and 74 is developed and removed. As a result, as illustrated in
FIG. 19, the upper and lower electrodes 72 and 62, and 74 and
64 that are vertically stacked so that portions thereof are
overlapped, and the first and second nanowires 66 and 76 for
connecting the upper electrodes 72 and 74 and lower elec-
trodes 62 and 64, respectively are formed.

[0062] The second nanowire 76 may also be formed after
the cured photoresist layer 100 is removed.

[0063] While many matters have been particularly shown
in the above-described exemplary embodiments of the
present invention, they should not be construed as being lim-
ited to the exemplary embodiments set forth herein; rather,
these matters should be construed as an example of exem-
plary embodiments. For example, one of ordinary skill in the
art can arrange the memory device illustrated in FIG. 1 or 3 in
the form of an array on a substrate. Furthermore, when elec-
trodes are processed in a different shape than the shape illus-
trated in FIGS. 1 and 3, it is easy to form nanowires (carbon
nanotubes), and if the yield can be increased, the shape of the
electrodes can be processed in a different shape. In addition,
nanowires can be replaced with a nano structure of carbon
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nanotubes, for example, carbon nanowires, carbon nanofi-
bers, silicon nanowires or GaAs nanowires, etc. Furthermore,
if the thickness of vertically-stacked upper and lower elec-
trodes is sufficient to prevent natural contact between nanow-
ires, the vertically-stacked electrodes can be formed to com-
pletely overlap each other.

[0064] As described above, in the nanowire memory device
and the method of manufacturing the same according to the
exemplary embodiments of the present invention, since the
nanowires are formed using a composite electric field, the
nanowires can be formed in a correct position. As illustrated
in FIGS. 1 and 3, since the electrodes are vertically stacked,
the degree of integration can be increased compared to a
conventional carbon nanotube memory device. Furthermore,
since the length of the nanowires for connecting adjacent
electrodes can be formed to a predetermined length, the yield
of operatable memory cells can be increased. Furthermore,
the overlap degree of the vertically-stacked electrodes is
adjusted such that a gap between the nanowires can be
adjusted.

[0065] While the present invention has been particularly
shown and described with reference to the exemplary
embodiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made
therein without departing from the spirit and scope of the
invention as defined by the following claims.

What is claimed is:

1. A method of manufacturing a memory device, the
method comprising:

forming first and second electrodes on a substrate to over-

lap each other and to be insulated from each other;
forming first and second dummy electrodes respectively
facing the first and second electrodes on the substrate to
overlap each other and to be insulated from each other;
forming a first nanowire connecting the first electrode and
the first dummy electrode;

forming a second nanowire connecting the second elec-

trode and the second dummy electrode;
forming a mask covering the first and second electrodes
and covering the first and second nanowires; and

removing the first and second dummy electrodes and the
first and second nanowires that are not covered by the
mask, and removing the mask.

2. The method of claim 1, wherein the forming of the first
and second electrodes on the substrate comprises:

forming the first electrode on the substrate;

forming an insulating interlayer covering the first electrode

on the substrate;

forming the second electrode on the insulating interlayer;

and

removing the insulating interlayer around the first and sec-

ond electrodes.

3. The method of claim 2, wherein the removing of the
insulating interlayer further comprises excessively etching a
region of the substrate in which the first and second electrodes
are not disposed.

4. The method of claim 2, wherein the forming of the first
and second dummy electrodes on the substrate further com-
prises:

forming a first photoresist layer covering the first and sec-

ond electrodes on the substrate;

forming the first dummy electrode on the first photoresist

layer;
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forming a second photoresist layer covering the first
dummy electrode on the first photoresist layer;

forming the second dummy electrode on the second pho-
toresist layer;

and removing the first and second photoresist layers

around the first and second dummy electrodes.

5. The method of claim 1, wherein the forming of the first
and second dummy electrodes on the substrate comprises:

forming a first photoresist layer covering the first and sec-

ond electrodes on the substrate;

forming the first dummy electrode on the first photoresist

layer;

forming a second photoresist layer covering the first

dummy electrode on the first photoresist layer;
forming the second dummy electrode on the second pho-
toresist layer; and

removing the first and second photoresist layers around the

first and second dummy electrodes.

6. The method of claim 1, further comprising forming at
least one more set comprising the first and second electrodes
and the first and second nanowires.

7. The method of claim 1, wherein the first nanowire has the
same length as the second nanowire.

8. The method of claim 1, wherein the substrate comprises
abase substrate and an insulating substrate which are sequen-
tially stacked.

9. The method of claim 1, wherein the first and second
nanowires are formed using a composite electric field.

10. The method of claim 1, wherein the forming of the first
and second electrodes comprises forming the second elec-
trode to overlap a portion of the first electrode.

11. A method of manufacturing a memory device, the
method comprising:

forming first and second lower electrodes on a substrate set

apart by a gap;

forming a first nanowire connecting the first and second

lower electrodes;

forming a mask covering the first and second lower elec-

trodes and the first nanowire on the substrate;

forming a first upper electrode overlapping the first lower

electrode and a second upper electrode overlapping the
second lower electrode on the mask whereby the first
upper second upper electrodes are set apart by a gap
having the same distance as the gap between the first and
second lower electrodes;

forming a second nanowire connecting the first and second

upper electrodes; and

removing the mask around the first and second upper elec-

trodes.

12. The method of claim 11, wherein the substrate com-
prises a base substrate and an insulating substrate which are
sequentially stacked.

13. The method of claim 12, wherein the forming of the
first and second lower electrodes comprises forming a groove
in the insulating substrate between the first and second lower
electrodes.

14. The method of claim 11, wherein the forming of the
first upper electrode comprises forming the first upper elec-
trode to overlap a portion of the first lower electrode, and the
forming of the second upper electrode comprises forming the
second upper electrode to overlap a portion of the second
lower electrode.
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15. The method of claim 11, wherein the mask is formed of
a photoresist layer.

16. The method of claim 11, wherein the first and second
nanowires are formed using a composite electric field.

17. The method of claim 11, wherein the removing of the
mask is performed prior to the forming of the second nanow-
ire.
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18. The method of claim 11, further comprising forming at
least one more set comprising the first and second lower
electrodes, the first and second upper electrodes, and the first
and second nanowires.

19. The method of claim 11, wherein the first nanowire is a
carbon nanotube.



